Several recent studies with rats (Sprague-Dawley strain) have documented that an odor previously paired with shock potentiates the acoustic startle response, a phenomenon referred to as conditioned odor potentiation of startle (OPS). A surprising finding in these studies was that OPS did not extinguish even though the odor was present throughout the 25-min test session. Therefore, the present study more fully examined extinction of OPS. The results of Experiment 1, which employed both within-subject and between-group comparisons, showed that extinction of OPS occurred in adult rats only after several days of testing. Experiment 2 used the between-group procedure and found similar results with 23-day-old rats, the youngest age that exhibits the OPS effect. Experiment 2 also showed that giving rats 15 odor-shock pairings at 16 days of age, an age where they acquire the odor-shock association but cannot express it via OPS, does not increase subsequent resistance to extinction following odor-shock pairings at 23 days of age. Taken together, the results of this study show that (1) although OPS is somewhat resistant to extinction, it does extinguish with repeated tests and (2) suggests that there are no age differences in the rate of extinction of OPS. ᭧ 2002 Elsevier Science (USA)
studies that have shown that an odor previously paired with shock effectively potentiates the startle response.
In adult rats, conditioned odor potentiation of startle (OPS) is specific to the odor paired with shock at training, is observed at least 28 days after training (the longest interval tested), and is observed following as few as five odor-shock pairings (Richardson, Vishney, & Lee, 1999) . Further, pretest administration of diazepam attenuates the OPS effect, suggesting that it is mediated by learned fear (Vishney & Richardson, 2000) . The OPS effect has also been shown to emerge relatively late in development (i.e., not before 23 days of age; Richardson, Paxinos, & Lee, 2000) . Richardson et al. (1999) reported that OPS did not extinguish even though the test session was approximately 25 min in duration and the odor was present throughout. This effect was replicated for adults, and extended to 23-day-olds, in Richardson et al. (2000) .
This apparent resistance to extinction is not a general hallmark of the conditioned fear potentiation of startle (FPS) procedure. That is, FPS with auditory and/or visual CSs has been shown to extinguish during test sessions of similar, or even shorter, duration than those used in the studies on OPS. For example, in the original study of FPS by Brown et al. (1951) extinction occurred to a compound light-noise CS within a 6-min test session (12 test trials). More recently, Falls and Davis (1993) reported complete extinction to a light CS within a 30-min test session (30 test trials). In both of these studies, the CS was a discrete cue so that the total duration of nonreinforced exposure to the CS was considerably less than that which occurred in the studies on OPS where the odor CS was present for the entire 25-min test. Because of the surprising, but consistent, finding that OPS does not extinguish during a 25-min test, the present study examined extinction of OPS in more detail.
EXPERIMENT 1
In this experiment we focused on extinction of OPS in adult rats. As in our previous studies of conditioned OPS we measured extinction of OPS during a single, 25-min test session. However, in the present experiment we also measured extinction of OPS across several successive days of testing. In addition, rats in this experiment received two tests on each day: one in the presence of the odor CS and one in its absence. In our previous research on conditioned OPS we have tested rats only in the presence of the odor CS. We predicted that rats given odor-shock pairings at training would initially exhibit larger startle responses in the presence of the odor than in its absence and that these rats would exhibit larger startle responses in the presence of the odor than rats given explicitly unpaired presentations of the odor and shock at training. However, with repeated days of testing the OPS effect should extinguish, resulting in the rats in the paired group responding similarly in the presence or the absence of the odor and similarly to the rats in the unpaired condition.
Method
Subjects. Twenty-four experimentally naive, male Sprague-Dawley rats, weighing between 350 and 450 g, were used. The rats were obtained from the breeding colony maintained by the School of Psychology at the University of New South Wales and were randomly assigned to one of two groups (paired, n ϭ 14; unpaired, n ϭ 10). All rats were housed in groups of 8 in plastic boxes [65 ϫ 40 ϫ 22 cm (L ϫ W ϫ H )] in a colony room with a natural light-dark cycle; food and water were continuously available. Rats were handled for at least 3 days, 5 min/day, before being used in the experiment. All experimental procedures occurred between 08:00 and 17:00, followed the ethical guidelines established by the American Psychological Association, and were approved by the Animal Care and Ethics Committee at the University of New South Wales.
Apparatus. Training and testing occurred in one of four identical startle chambers [20 ϫ 12 ϫ 13 cm (L ϫ W ϫ H )]. The front wall, rear wall, and ceiling of each startle chamber were constructed of clear Plexiglas. The floor and two sidewalls were constructed of 3-mm stainless-steel rods (1.3 cm apart, center-to-center; the wall rods were vertically positioned relative to the floor rods). Electric shock (0.6 mA, 1 s in duration) could be delivered to the floor of each chamber via a custom-built, constant-current shock generator. The chamber was attached to a piece of Plexiglas onto which a sheet of piezoelectric film had been laminated. Movement within the chamber caused the piece of Plexiglas to flex, which produced a voltage in the piezoelectric film. The voltage produced by the piezoelectric film was proportional to the intensity of the movement in the chamber; that is, larger movements produced larger voltages. These voltages were amplified and digitized (at a 1 kHz rate) in order to measure startle amplitude. The peak voltage (converted into arbitrary units ranging from 0 to 32,000; data rounded to 0-320 prior to analysis) in the 250-ms period after stimulus onset was taken as the index of the startle response.
Each chamber was located in a wood cabinet in order to attenuate external noise and visual stimulation. A ventilation fan in the cabinet provided a low-level background noise (60 dB) at all times, and illumination was provided by a 15-W red light on the front door of the wood cabinet. Following each training or test session, the startle chambers were cleaned with tap water and a tray of animal bedding just below each chamber was changed.
The acoustic startle stimulus was delivered through two high-frequency speakers mounted 8 cm from either side of the startle chamber. The startle stimulus was a 100-ms, 100-dB burst of white noise, with a 1-ms rise-fall time. The intensity of the startle stimulus and of the background noise was measured with a Brüel and Kjaer precision sound level meter (Model No. 2235; Naerum, Denmark) placed in the center of the startle cage. All stimulus presentations, and recording of data, were controlled by computer. The software and hardware were custom-developed at the University of New South Wales.
Odor. Grape was used as the odor in this experiment (Grape No. 18238/0019 from Wild Flavours, Heidelberg, Germany). The grape flavor (0.1 ml) was placed on a piece of paper towel in a plastic specimen jar. During odor presentations, the specimen jar was placed approximately 10 cm below the startle chamber floor. During control trials, a specimen jar containing 0.1 ml of tap water, on a piece of paper towel, was used.
Procedure. Training consisted of two phases. In phase one, rats were placed in the startle chambers for a 5-min adaptation period. Following this, each rat received five trials (separated by 2, 1.5, 2, and 2.5 min, respectively). On each trial, a specimen jar (containing grape for rats in the paired condition and water for rats in the unpaired condition) was placed under the startle cage for 7-10 s, and then a shock was administered. Following the shock, the specimen jar was removed, covered, and placed on a table approximately 2 m away. Phase two of training occurred 20-35 min after the completion of phase one. For the second phase of training, all rats were placed in the chamber for a 2-min adaptation period. Rats in the paired condition then received five presentations of the specimen jar containing tap water while rats in the unpaired condition received five presentations of the specimen jar containing grape (all presentations were 7-10 s long). The ITIs were the same as in phase one. No shocks were administered in phase two of training. This second phase of training was intended to equate the groups for exposure to grape and to reduce the level of contextual fear resulting from the first phase of training. Each training phase took about 15 min to complete. At the end of each training phase, animals were immediately removed from the startle chamber and returned to their home cage.
Testing occurred on each of the 5 successive days following training. During testing, all rats were placed in the startle chamber, and after a 5-min adaptation period, 30 startle stimuli were presented, each separated by 30 s. No odor was present during this time. The average startle amplitude on these 30 trials was taken as a rat's baseline startle response. After the 30th startle stimulus, during a 60-s no-stimulus period, a specimen jar containing either grape or tap water was placed beneath the floor of the startle chamber. This specimen jar remained in place throughout the test. Another 30 startle trials (ITIs ϭ 30 s) were then administered. At the end of testing, animals were removed from the startle chamber and returned to their home cage. All animals were tested twice a day, once with grape and once with tap water. Half of the subjects in each condition were tested with grape first. The order of the tests (i.e., grape vs tap water) was constant for any given animal across days (i.e., a rat was consistently tested with grape or water first). The two tests on each day were separated by at least 1 h. Potentiation of startle at test was expressed as percentage change from baseline, using the following formula:
where OPS is the percentage of increase in startle, T is the mean startle amplitude at test, and B is the mean startle amplitude at baseline.
Results
Six data points (of 960) used in the reported analyses were lost due to experimenter error; these missing values were replaced with group means. Initial analyses showed that there were no effects of order [i.e., whether rats were tested with grape or water first; baselines, F Ͻ 1.0; OPS, F(1, 20) ϭ 1.05, p ϭ 0.32] so all subsequent analysis was collapsed across this variable. For all repeated-measures analyses, the reported probability values were adjusted with the Greenhouse-Geisser procedure.
Baseline startle amplitude. A 2 (group: paired vs unpaired) ϫ 2 (test type: grape vs water) ϫ 5 (day) mixed-design ANOVA indicated that there were no significant effects of either group or test type [largest F(1, 22) ϭ 1.30, p ϭ .27]. However, there was a significant effect of day [F(4, 88) ϭ 15.46, p Ͻ .001]. The effect of day was due to the habituation of the baseline startle amplitude across the 5 days of testing (see Table 1 ). Habituation of the baseline startle response did not vary as a function of group (i.e., the group by day interaction was not significant, F Ͻ 1.0). Odor potentiation of startle. Rats in the paired condition exhibited a potentiated startle response in the presence of grape, but not in the presence of water. This pattern was not observed in the unpaired rats-these rats responded similarly in the presence of grape and water. With repeated days of testing, the OPS effect extinguished in the paired rats (see Fig. 1 ). That is, rats in the paired condition responded similarly on the grape and water tests and similarly to the unpaired rats by the end of testing.
Statistical analysis of the data confirmed this description of the results. Specifically, a 2 (group) ϫ 2 (test type) ϫ 5 (day) mixed-design ANOVA revealed a significant threeway interaction of group, test, and day [F(4, 80) ϭ 3.21, p ϭ 0.02]. This interaction was due to the paired rats performing differently on the grape tests than on the water tests for the first days of testing but not the last day, while the unpaired rats performed similarly on the two tests on all test days. Post hoc, within-subject comparisons showed that the paired rats responded more on the grape test than on the water test on each of the first 4 test days (smallest t 13 ϭ 2.39, p ϭ 0.03), but not on the final test day (t 13 ϭ 0.86, p ϭ 0.41). In contrast, the unpaired rats did not perform differently on the grape and water tests on any day (largest t 9 ϭ 2.06, p ϭ 0.07, on day 3; all other ps Ͼ 0.22). In our previous studies on OPS, comparisons were based on between-group analyses (i.e., paired vs unpaired) of performance in the presence of the odor. Analysis of the present data on that basis supports the conclusions reached above. Specifically, rats in the paired condition exhibited a potentiated startle response in the presence of grape compared to the unpaired rats on days 1, 2, and 3 (smallest t 22 ϭ 2.63, p ϭ 0.02). This difference was not significant on the last 2 days of test (largest t 22 ϭ 1.62, p ϭ 0.12).
Within-session extinction. Previous studies of OPS have reported that the effect does not extinguish across a 25-min test in which the odor is continuously present. Because only paired rats exhibited OPS, the analysis of within-session extinction was restricted to their data. For this analysis, each grape test was divided into half (i.e., Test trials 1-15 and Test trials 16-30). Analysis of this data showed that, as reported in previous studies on OPS, this effect did not extinguish in the first day of testing (i.e., responding during the second half of the first test was the same as responding during the first half of the test). However, within-session extinction was observed on the later days of testing (see Table 2 ). Within-subjects t tests showed that there was a significant within-session extinction effect on days 3, 4, and 5 of testing (smallest t 13 ϭ 2.13, p ϭ 0.05), but not on days 1 and 2 (largest t 13 ϭ 1.77, p ϭ 0.10).
Discussion
Like several previous studies on OPS (Richardson et al., 1999 , Experiment 1 of the present study shows that this effect does not extinguish within a single, 25-min test session where the odor is continuously present. However, the present experiment shows that OPS does extinguish over repeated days of testing. Extinction of OPS was observed following both within-subject and between-group comparisons (on the 5th and 4th tests days, respectively). This extinction of OPS is unlikely to be due to forgetting of the odor-shock association over the 5 days of testing because Richardson et al. (1999) demonstrated that an odor previously paired with shock was effective at potentiating the startle response for at least 28 days after training (the longest interval tested).
EXPERIMENT 2
In a previous study, we found that conditioned OPS emerges relatively late in development-not until 23 days of age . That study also demonstrated that rats this age fail to exhibit within-session extinction across a 25-min test session. Therefore, in the present experiment we examined whether 23-day-old rats exhibit extinction of OPS if given multiple days of testing. This experiment was also designed to examine a fundamental issue concerning memory development. More specifically, recent research has shown that learned fear emerges in a response-specific sequence. That is, rats exhibit conditioned freezing responses to an aversive conditioned stimulus (CS) at a younger age than they exhibit conditioned changes in heart rate and conditioned changes in heart rate at a younger age than conditioned fear potentiation of startle (see Hunt & Campbell, 1997, for review) . This sequential emergence of learned fear can be used to examine the following fundamental issue concerning memory development: Do animals express memory in a manner appropriate to their age at training or their age at test? For example, if rats are trained at an age where they can express learned fear via conditioned freezing responses but not via conditioned fear potentiation of startle, and are then tested at an age where they can express learned fear via both responses, what do they do?
We have recently reported data suggesting that rats respond in a manner appropriate to their age at training (Richardson & Fan, submitted; Richardson et al., 2000) . That is, rats given odor-shock pairings at 16 days of age exhibit this learning via odor avoidance but not via odor potentiation of startle while rats trained at 23 days of age express learned fear via both responses. Importantly, rats trained at 16 days of age, and then tested at 23 days of age, exhibit odor avoidance but not odor potentiation of startle. In other words, they respond in a manner appropriate to their age of training. This outcome would not be predicted from current theoretical formulations of learned fear. Specifically, most current models of learned fear postulate that an aversive CS elicits a central state of fear that can be expressed via any of a number of responses (e.g., freezing, changes in heart rate, and potentiated startle; Davis, 1992; LeDoux, 1994) . From this perspective, the odor CS should elicit both avoidance and OPS in rats trained at 16 days of age but tested at 23 days of age. However, that is not what happens when either a between-group or a within-subject comparison is used (Richardson & Fan, submitted) .
Given the surprising nature of these findings, and their potential impact on our understanding of not only the development of memory but also current theoretical models of learned fear, we have been exploring them in more detail. For example, in one experiment we asked whether giving rats odor-shock pairings at 16 days of age would reduce the number of odor-shock pairings required for exhibiting the OPS effect at 23 days of age (Experiment 3, Richardson & Fan, submitted) . Previous work had shown that 1 odor-shock pairing was not enough to produce OPS but that 5 odor-shock pairings produced asymptotic levels of OPS (Richardson et al., 1999) . In rats given odor-shock pairings at 16 days of age, however, perhaps a single odor-shock pairing at 23 days of age would be sufficient to produce OPS. After all, these rats already fear the odor (as expressed by strong odor avoidance responses). The results were quite clear; rats given 15 odor-shock pairings at 16 days of age retained the odor-shock association over the 1-week interval (i.e., they exhibited a strong odor avoidance) but they required the same number of odor-shock pairings as did naive rats in order to exhibit the OPS effect. The present experiment continued this line of analysis, but used resistance to extinction rather than "savings" as a way of assessing whether the early training at 16 days of age affects later performance.
There were four groups in the present experiment. Three groups received odor-shock pairings while the rats in the fourth condition received the odor and shock in an explicitly unpaired fashion. Rats from one paired group were trained at 16 days of age, those from another group were trained at 23 days of age, and those from the third paired group were trained at both 16 and 23 days of age. All rats were tested at 24 days of age. Comparison of the performance of these four groups will (1) show whether our previous finding that rats trained at 16 but tested at 23 days of age respond in a manner appropriate to their age at training and not their age at test is a reliable effect and (2) allow us to examine the effects of early training on subsequent resistance to extinction.
Method

Subjects
Forty-six experimentally naive, male, Sprague-Dawley rats, obtained from the same source as those in Experiment 1, were used. All rats were 24 (Ϯ1) days of age at the time of test. Rats were housed in litters of eight, with their mother, in plastic boxes [37 ϫ 24.5 ϫ 27 cm (L ϫ W ϫ H )] kept in a room with a 12-h light/dark cycle (lights on at 6 AM). No more than 1 rat from any single litter was included in a group. Food and water were continuously available. Training and testing occurred between 09:00 and 18:00. All animals were treated in accord with the principles of animal use maintained by the American Psychological Association, and the Animal Care and Ethics Committee at the University of New South Wales approved all procedures.
Apparatus
Two types of chambers were used in this experiment: startle chambers and an odorelicited freezing chamber.
Startle chambers. To assess startle, rats were tested in one of two rectangular chambers constructed of Plexiglas and stainless-steel bars. These chambers were similar in all respects to those used in Experiment 1 except that they were smaller [13 ϫ 9 ϫ 9 cm (L ϫ W ϫ H )] and the stainless-steel grids comprising the floor were closer together (1 cm instead of 1.3 cm apart).
Freezing chamber. A rectangular chamber [19 ϫ 16 ϫ 10 cm (L ϫ W ϫ H )] made of Plexiglas was used to measure odor-elicited freezing. The floor consisted of stainlesssteel grids with a Plexiglas insert; the insert was placed over the grids and had approximately 30 holes (each 1 cm in diameter) in order to allow the odor to enter the chamber during test. The walls of this chamber, except for the front, consisted of vertical black and white stripes. Thus, this chamber differed from the startle cages in both its visual and tactile characteristics.
Odor. The same odor as was used in Experiment 1 was used in the present experiment.
Procedure
The same two-stage training procedure that was used in Experiment 1 was also used in this experiment. Rats in group Paired-Paired (n ϭ 12) received 15 odor-shock pairings at 16 days of age and 5 odor-shock pairings at 23 days of age. Rats in group PairedNaive (n ϭ 12) received 15 odor-shock pairings at 16 days of age but no training at 23 days of age. Rats in group Naive-Paired (n ϭ 12) received no training at 16 days of age but 5 odor-shock pairings at 23 days of age. Finally, rats in group Naive-Unpaired (n ϭ 10) received no training at 16 days of age but 5 explicitly unpaired odor-shock presentations at 23 days of age (see Method under Experiment 1 for details).
All rats were tested at 24 days of age, and there were two types of test. All rats received both tests in a counterbalanced order (because subsequent statistical analysis showed that test order did not influence the results, all data were collapsed across this variable). One test was for OPS while the other was for odor-elicited freezing. The two tests were separated by 2-4 h. The OPS test was the same as was used in Experiment 1. The odorelicited freezing test consisted of two stages. In the first stage of this test, the rat was placed in the freezing chamber described above for 1 min with no odor present. The rat was then removed from the test chamber and returned to their home cage for 5-10 min. During this interval, a specimen jar containing the odor was placed approximately 1 cm beneath the floor of the freezing chamber. The rat was then returned to the freezing chamber for a further 2 min. Both stages of this test were videorecorded and later scored for freezing (i.e., the absence of all movement except that required for respiration; Fanselow, 1990) . Scoring of freezing behavior, in both the preodor and the odor sessions, started approximately 10 s after the rat had been placed into the chamber. A second scorer, who was blind to the experimental conditions of each rat, scored a random sample of 25% of the rats tested and the interrater reliability was extremely high (r ϭ 0.99).
Results
In our earlier work on OPS (including Experiment 1 above) we have used the average of all 30 baseline trials to estimate each rat's baseline startle amplitude. We follow this practice because there is usually no systematic difference in startle amplitude across these 30 trials. However, startle amplitude did change across the 30 baseline trials in the present study. That is, a preliminary analysis of the baseline startle trials (grouped into three blocks of 10 trials) revealed a linear decrease in startle amplitude across trial block [F(1, 42) ϭ 5.51, p ϭ 0.024]. In other words, startle amplitude habituated across the 30 baseline trials. Therefore, we used the average response during the third block of trials to estimate each rat's baseline startle amplitude in the present experiment.
Two separate sets of analyses were conducted in this experiment. The first was designed to demonstrate that rats respond in a manner appropriate to their age of training, not their age of test. The second set of analyses was designed to examine whether giving rats odor-shock pairings at both 16 and 23 days of age (i.e., an age where they fail to exhibit OPS and an age where they do) increases resistance to extinction compared to rats who are only trained at 23 days of age.
Is Responding Appropriate to the Rat's Age at Training or Their Age at Testing?
To explore this question, we statistically compared the performance of the rats in groups Paired-Naive, Naive-Paired, and Naive-Unpaired on both the OPS and odor-elicited freezing tests. Rats in group Naive-Paired should express their learned fear of the odor CS via both OPS and odor-elicited freezing while rats in group Naive-Unpaired should not exhibit fear of the odor CS on either test. Of most interest was the performance of rats in group Paired-Naive. Based on previous results from our laboratory (Richardson & Fan, submitted; Richardson et al., 2000) , we predicted that these rats would not exhibit the OPS effect but that they would exhibit odor-elicited freezing. The statistical analysis supported these predictions.
There were no group differences in amplitude of the baseline startle response in these three groups [F(2, 31) ϭ 1.2, p Ͻ 0.29]. However, the performance of the three groups did differ on the OPS test [F(2, 31) ϭ 6.48, p ϭ 0.004]. Post hoc tests, with Tukey's HSD test, showed that rats in groups Paired-Naive and Naive-Unpaired performed similarly to one another ( p ϭ .64), and both exhibited significantly less OPS than did rats in group Naive-Paired (largest p ϭ .034). In other words, those rats trained at 23 days of age
FIG. 2. Mean percentage change in startle response (top panel) or odor-elicited freezing (bottom panel).
Some rats were given odor-shock pairings at either 16 days or 23 days of age (groups Paired-Naive and NaivePaired, respectively) while other rats received the odor and shock in an explicitly unpaired fashion (group NaiveUnpaired). All rats were tested at 24 days of age.
exhibited OPS, but those rats trained at 16 days of age and tested at 24 performed similarly to rats in the Unpaired control condition (see top panel Fig. 2 ).
The failure of rats trained at 16 but then tested at 24 days of age (i.e., group PairedNaive) to exhibit OPS was not due to a failure in acquisition of the odor-shock association or in the forgetting of that association over the 1-week interval. This is shown by the fact that these rats exhibited comparable amounts of odor-elicited freezing as did rats trained at 23 days of age (see bottom panel of Fig. 2 ). There was very little freezing exhibited by any group during the 1-min preodor baseline test (all group means Ͻ 7%; F Ͻ 1.0). However, rats in both groups given odor-shock pairings, at either 16 or 23 days of age (i.e., groups Paired-Naive and Naive-Paired), exhibited substantial odor-elicited freezing during the 2-min odor test. The rats in the Unpaired condition exhibited insubstantial levels of odor-elicited freezing. These group differences were significant [F(2, 31) ϭ 5.75, p ϭ 0.007]. Post hoc comparisons, with Tukey's HSD test, revealed that the two paired groups did not differ ( p ϭ .86), but they both differed from the unpaired group (largest p ϭ .029).
Taken together, these results replicate our earlier findings that rats respond in a manner appropriate to their age at training, not their age at testing. In the present study, however, we used odor-elicited freezing as a second measure of learned fear rather than odorelicited avoidance.
Effects of Early Training on Resistance to Extinction
To examine whether early training increased resistance to extinction we performed a second set of analyses. These analyses focused on the performance of two groups: NaivePaired and Paired-Paired. Rats in both conditions received 5 odor-shock pairings at 23 days of age, but rats in group Paired-Paired also received 15 odor-shock pairings at 16 days of age. Rats in both of these groups were tested across 4 consecutive days (starting at 24 days of age) given that the results of Experiment 1 indicated between-group extinction occurred in 4 days of testing.
Three data points (of 118) were lost due to experimenter error and were replaced with group means. Analysis of baselines across the 4 days of testing revealed no significant effects or interactions (all Fs Ͻ 1.9; see Table 3 ). Analysis of the OPS test data (see top panel of Fig. 3 ) revealed a linear decrease in the magnitude of the OPS effect across the 4 days of testing [F(1, 22) ϭ 11.90, p ϭ .002]. The effect of group and the interaction of group and days of testing were both nonsignificant [largest F(3, 66) 
Analysis of the freezing data for these two groups (see bottom panel of Fig. 3 ) yielded 
FIG. 3.
Mean percentage change in startle response (top) or odor-elicited freezing (bottom) across four consecutive test days. Some rats were given odor-shock pairings at both 16 days and 23 days of age (group Paired-Paired) while other rats were given odor-shock pairings only at 23 days of age (group Naive-Paired). The first day of testing for all rats was at 24 days of age. the same pattern of results. That is, there was a significant linear decrease in levels of freezing across the four days of extinction testing [F(1, 22) ϭ 16.49, p ϭ .001] and no effect of group or groups by day interaction [largest F(3, 66) 
Discussion
The results of this experiment, when compared to those of Experiment 1, suggest that there is no age difference in rate of extinction of OPS. Specifically, both 23-day-old (the youngest age to exhibit to OPS effect) and adult rats require about 4 days of testing in order for the OPS effect to extinguish. Further, the results of this second experiment suggest that giving rats odor-shock pairings at both 16 and 23 days of age does not increase resistance to extinction compared to rats only trained at 23 days of age. This latter result is surprising for a number of reasons. For example, rats given odor-shock pairings at both ages received much more training that did rats trained only at 23 days of age (20 vs 5 odor-shock pairings), and they received this training in a distributed fashion. Both of these factors might be expected to lead to increased resistance to extinction. However, that clearly did not occur.
The failure of this early training to increase resistance of extinction of OPS is, however, consistent with other recent work from our laboratory on the effects of early training. Specifically, we have shown that not only does training rats at 16 days of age fail to yield any hint of OPS when testing occurs at 23 days of age (despite clear evidence that the odor-shock association is retained), but this early training also fails to produce any "savings" effect when these rats are given odor-shock pairings at 23 days of age (see Richardson & Fan, submitted; Richardson et al., 2000) . Our current interpretation of these findings is that the neural pathway mediating a particular fear response must be functional at the time of training if that experience is to influence later performance of that behavior. In other words, if the pathway mediating a particular fear response is not functional at the time of training (e.g., due to the animal's immaturity or because the structure has been temporarily inactivated in adults), then the animal will not express that response at test even if the pathway is functional at that point in time. This conclusion, if it continues to be supported by the empirical data, has substantial implications for the developmental analysis of memory and for current models of the neural bases of learned fear.
One troublesome aspect of the present findings for the above interpretation must be noted. That is, although we predicted the observed results for the OPS extinction test in the present experiment, we expected a different pattern for the extinction of freezing. That is, the neural circuits mediating conditioned freezing are functional in 16-day-old rats, and, therefore, we predicted that rats trained at both 16 and 23 days of age would exhibit increased resistance of extinction of freezing in comparison to rats trained only at 23 days of age. That result was not observed though. It may be the case that the freezing test is simply not sensitive enough to detect group differences, but the same could be said for the startle test procedure as well. Future research will be needed to resolve this issue.
GENERAL DISCUSSION
Even when different laboratories study the same procedure (e.g., fear potentiation of startle) it is difficult to directly compare results across laboratories because they usually employ different (sometimes slight but sometimes substantial) training parameters. This difficulty is made all the more problematic when one is comparing responding to CSs of different sensory modalities-where it is impossible to equate stimulus intensities. Nonetheless, it does appear to be the case that extinction of learned fear potentiation of startle occurs more slowly with an olfactory CS than with auditory or visual CSs. As noted in the introduction, extinction of FPS with either a light CS or a compound light-noise CS occurs within a single session of similar, or shorter, duration than that used in the present study. It is unlikely that this apparent difference is due to the rats in the present study being overtrained (e.g., the adult rats in Experiment 1 received only five odor-shock pairings on a single day of training).
One possible explanation for the slower extinction of FPS with an olfactory CS than with visual and/or auditory CSs is that in the wild, rats rely on olfactory information to a greater degree than they rely on either visual or auditory cues. Given that animals such as rats live in predominantly dark, quiet places, odors are more likely to provide information about the presence of predators. A somewhat similar suggestion (i.e., odors are particularly salient cues to rats) was made by Slotnick (1984) in his report showing that rats were able to acquire a discrimination between two olfactory stimuli more rapidly than between two auditory or two visual stimuli. In the present case, it is possible that acquired fear of an olfactory stimulus is particularly resistant to extinction. In this regard, it should be noted that unconditioned fear to a cat odor has been reported to be resistant to habituation. For example, Zangrossi and File (1992) reported that rat's unconditioned fear of cat odor did not habituate over 5 test days (but see Dielenberg & MacGregor, 1999) .
Another possible explanation of the finding that extinction of FPS with an olfactory CS appears to occur more slowly than with CSs of other sensory modalities involves the nature of the test procedure. That is, in studies on OPS the odor CS is continuously present while in studies where a visual or a compound visual-auditory CS has been used the CS is presented discretely throughout the test. This possible explanation can be empirically tested in two ways. First, rats can be trained with a discrete auditory or visual CS and then tested with that CS either continuously present or presented discretely. A second way to test this idea takes advantage of a recent finding by Paschall and Davis (2002) , who demonstrated that the OPS effect can be obtained with discrete odor presentations at training and test (rather than the continuous odor exposure procedure used in the present study; and all our previous studies on OPS). The possibility that extinction of FPS depends critically on whether the CS is continuously or discretely presented at test (especially with olfactory CSs) may provide an unique opportunity to explore the neural structures involved in extinction-an issue that has received very little empirical analysis (Borowski & Kokkinidis, 1998; Gerwitz, Falls, & Davis, 1997) .
